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Wednesday, February 19, 2014 797alifetime. We used this method to analyze time-resolved images of FRET
sensors in live HeLa cells and obtained quantitative measurements of sensor
FRET efficiencies under reacted or unreacted states, which allow time-lapse
quantifications of Ca2þ and cAMP levels in vivo.
1. Zhao, M., Huang, R. & Peng, L. Opt. Express20, 26806-27 (2012).
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Superresolution microscopy techniques such as stepwise photobleaching
or STORM/PALM imaging at very high labeling densities require the
localization of fluorophores with substantial spatial overlap. The funda-
mental resolution limit associated with localizing two emitters at once
(Rao et al., PNAS, 2006) is typically overcome by making use of bleaching
or blinking, resulting in additional images that contain independent informa-
tion about a subset of these emitters. These images are then used for
image subtraction to single out the fluorescence of one emitter, or as
common input to multi-PSF fitting procedures. While theoretical limits for
the achievable localization precision of a single emitter in the presence of
a homogenous background have been established (Thompson et al., 2002,
BJ; Smith et al., 2010, Nat Meth), noise sources in the form of other
emitters have not been systematically considered so far. In this work we
derive the Crame`r-Rao Lower Bound (CRLB) for the localization precision
in the presence of shot noise from other emitters. Moreover, we derive
an analytical expression that approximates this bound and highlights its
dependencies on fluorophore brightness and on the degree of spatial overlap.
Monte Carlo simulations were used to verify the correctness of the theoretical
descriptions and to benchmark different image analysis strategies in their
capability to attain the best-possible resolution. Our results can be directly
used to obtain precision estimates in stepwise photobleaching or high density
imaging and show the limitations of these techniques at higher fluorophore
numbers.
Scanning Probe Microscopy
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Chemically-selective imaging of biomolecules using labels is central to biolog-
ical imaging. Although advances that allow resolving single fluorescently-Figure 1. Chemically selective im-
aging within single biomolecules.
a, Illustration of the imaging
method employing single-stranded
DNAs as chemo-mechanical labels
and T-shaped cantilevers that
allow locating the labels with sub-
nanometer precision. b, Schematic
of an application of this method to
the imaging of biotin molecules
bound to a single streptavidin. c, A
3-D topographical image of a single
streptavidin, in which two black
spots show the detected locations
of biotins.labeled molecules with nanoscale
resolution have been introduced, it is
still a major challenge to extend the
power of chemically-selective imaging
to investigate single biomolecules with
sub-molecular chemical and structural
detail. To break this barrier, we
have developed a chemo-mechanical
labeling strategy employing single-
stranded DNA to label target sites on
a biomolecule and a nanomechanical
readout mechanism based on atomic
force microscopy to locate these labels.
In analogy with fluorescence micro-
scopy, the chemo-mechanical labeling
strategy allows generating multi-color
images wherein the sequence of
DNA encodes color information. We
demonstrate the basic utility of this
approach by imaging the locations of
biotins bound to a single streptavidin
molecule.
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2Department of Biochemistry, University of Missouri, Columbia, MO, USA.The prospect of a robust three dimensional atomic force microscope (AFM)
holds significant promise in nanoscience. Yet, in conventional AFM, the tip-
sample interaction force vector is not directly accessible. We scatter a focused
laser directly off an AFM tip apex to rapidly and precisely measure the tapping
tip trajectory in three dimensional space. This data also yields three dimen-
sional cantilever spring constants, effective masses, and hence, the tip-
sample interaction force components via Newton’s second law. Significant
lateral forces representing 49% and 13% of the normal force (Fz = 152 þ/-
17 pN) were observed in common tapping mode conditions as a silicon tip
intermittently contacted a glass substrate in aqueous solution; as a conse-
quence, the direction of the force vector tilted considerably more than ex-
pected. When addressing the surface of a lipid bilayer, the behavior of the
force components differed significantly from that observed on glass. This is
attributed to the lateral mobility of the lipid membrane coupled with its elastic
properties. Direct access to interaction components Fx, Fy, and Fz provides a
more complete view of tip dynamics that underlie force microscope operation
and can form the foundation of a three-dimensional AFM in a plurality of
conditions.
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High-speed atomic force microscopy (HS-AFM, [1]) offers unique novel pos-
sibilities to study single molecule dynamics [2,3]. Here we present two HS-
AFM developments, first the integration of optical microscopy into HS-AFM
for imaging membrane proteins on cells, and second high-speed force spectros-
copy (HS-FS) for fast protein unfolding studies:
HS-AFM is a powerful tool for studying structure and dynamics of proteins.
So far, however, HS-AFM was restricted to well-controlled molecular sys-
tems. Here, we integrate optical microscopy (OM) into HS-AFM, allowing
bright field and fluorescence microscopy, without loss of HS-AFM perfor-
mance. This hybrid HS-AFM/OM setup [4] allows positioning the HS-AFM
tip on an optically identified zone of interest on cells. We present movies at
960ms per frame displaying aquaporin-0 array and single molecule dynamics
on intact eye lens cells. This hybrid setup allows HS-AFM imaging on cells
~1000 times faster than conventional AFM/OM setups, and first time visuali-
zation of unlabeled membrane proteins on a eukaryotic cell under physiolog-
ical conditions.
The mechanical unfolding of muscle protein titin by AFM is a landmark exper-
iment in single molecule biophysics. Molecular dynamics simulations offered
an atomic level mechanistic description of the process. However, experiment
and simulation differ in pulling velocity by orders of magnitude. We have
developed HS-FS [5] to unfold titin at velocities reached by simulation
(~4 mm/s). Our results show that an intermediate state in a small beta-strand
pair dynamically unfolds and refolds, buffering pulling forces up to ~100pN.
Furthermore, our data indicates that the distance to the transition state of
domain unfolding is much larger than previously estimated, but in better agree-
ment with atomistic predictions.
[1] Ando, et al., PNAS,2001,98(22):12468-12472.
[2] Kodera, et al., Nature,2010,468(7320):72-76.
[3] Casuso, et al., Nature Nanotechnology,2012,7(8):525-529.
[4] Colom, et al., Nature Communications,2013,4:DOI:10.1038/ncomms3155.
[5] Rico, et al., submitted,2013.
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Vertically protruding stereocilia on the apical surface of the inner ear hair
cells represent the ultimate challenge for scanning probe imaging. We have
previously imaged these structures, which are largely unresolvable by optical
microscopy, using hopping probe scanning ion conductance microscopy
(HPSICM) in glutaraldehyde-fixed mammalian auditory hair cells (Novak
et al. Nat Methods, 2009). However, it required a considerable amount of
time (~44 min per bundle of ~8x8 mm). To study live cells, we needed to signif-
icantly increase the speed of imaging.
